about changing theoretical models than about empirical refinements (5) .
Indeed, when the empirical data on subtypes are examined, differences often disappear. An early review (3) concluded that relatively limited, solid support exists for the traditional subtypes of schizophrenia (that is, simple, hebephrenic, paranoid, and catatonic) derived from Kraepelin. These subtypes were developed on the basis of the traditional clinical approach. Another report (6) concluded that, apart from the differentiation of paranoid from nonparanoid cases, with the possible addition of a schizoaffective group, not much more could be distinguished. Others, however, argued against the existence of schizophrenia subtypes, noting that subtypes change over time and that the same person may exhibit different symptoms and may change subtype over time (7) . Often, subtype distinctions were not stable over time (8) , and divisions based on the traditional approach may have led clinicians to see what they expected to see in patients, thus forestalling the development of more useful classification systems (9) . More generally, clinical syndromes have seen few changes since Kraepelin, and modern research strategies are needed to validate clinical usage (10) .
In view of the shortcomings inherent in the traditional approach to identifying subtypes, an alternative approach to psychiatric classification may be preferred (11) . Essentially, this approach involves classifying the measured attributes of schizophrenia patients. These measurements are used to compute coefficients of similarity and to cluster subjects together in accordance with the observed numerical similarities. The advantages of this alternative over traditional clinical approaches have been succinctly summarized for the treatment of depressive disorders (9) .
Although factor analytic techniques have been used in the past for the empirical classification of psychiatric disorders, it can be argued that the use of cluster analysis is the preferred method (12) . Cluster analysis is a generic term that refers to various multivariate procedures (10, (13) (14) (15) for providing independent empirical confirmation for existing clinical subtypes (16) or for creating different and potentially better classification systems (3, 9) . Clinicians have shown skepticism about the value of clustering methods to identify "naturally" occurring subgroups (17, 18) , but the use of such an approach to subtyping has proved fruitful (or meaningful)-if at times controversial-in classifying alcoholism (19, 20) , borderline psychosis (21), childhood disorders (22, 23) , depression (9, (24) (25) (26) (27) , and schizophrenia (28, 29) .
Two dissimilar cluster analysis procedures (hierarchical clustering and iterative clustering) applied to data from the International Pilot Study of Schizophrenia (IPSS) found 4 stable subgroups of schizophrenia: typical, flagrant, insightful, and hypochondriacal (28) . Further, these results suggested that these subgroups could be clearly and simply described and differentiated and that new patients could be assigned to the groups on a mathematical basis. Nevertheless, such empirically derived clusters need replication to determine more definitely whether they merit use in clinical practice and research (3). This is particularly apparent when other cluster analyses of schizophrenia symptoms are examined (30) (31) (32) . These studies have all used a cross-sectional design; symptoms were evaluated at a single time to derive the subgroups. Thus, it is quite possible that a more longitudinal method would provide a different picture. This study examined the classification of schizophrenia over a longer time frame, using cluster analysis with a population of people with chronic schizophrenia. To overcome the problems of instability in symptoms over time, which cause difficulty in cross-sectional designs, symptoms recorded over time and a series of hospitalizations were used to supplement those observed on the index admission during which the data were obtained.
Methods

Subjects
A total of 120 subjects (73 women, 47 men) with a mean (SD) age of 38.2 (9.8) years took part in the initial assessment. All had a history of diagnosed schizophrenia that extended for several years. A more detailed description of this group is available (33) . Analyses were performed on a subgroup of 107 cases, excluding 13 cases not diagnosed as schizophrenia by most diagnostic systems analyzed (33) . Of the subjects, 106 met all criteria for a DSM-III diagnosis of schizophrenia. The 40 men and 67 women had a mean (SD) age of 38.2 (9.91) years. The mean (SD) age at first hospitalization was 25.7 (7.29) years. Most (47.7%) were single, with 21.5% married, 20.5% separated or divorced, and the remainder widowed. Of the total, 10 (9.3%) had a university degree, 35 had a high school diploma, and 22 (20.6%) had some high school education. The remainder had grade school education or less. They had spent a mean (SD) of 27.9 (27.3) months in hospital, over a mean (SD) of 4.6 (2.39) admissions. Most (56%) were not working, and an additional 21 (19.6%) were homemakers. Procedure Symptom data were collected using an older version of the protocol (34) . Symptoms from an interview were merged with symptom data that were compiled from the casebook to provide lifetime symptom reports. A symptom was recorded as present if it was evident either during the interview or had been documented on an earlier admission. A total of 55 variables from Part II were used in the analysis (34 
Analysis
The clusters were formed using the RELOCATE procedure of CLUSTAN 1C (35) . This procedure begins with an initial classification and computes the similarity of each object to each cluster, using the centroid of the cluster for computing the similarity coefficient. Any object closer to the centroid of a different cluster is moved to that cluster, and the centroids are recalculated. This process is repeated until no further movement is possible. The initial clusters were formed using Ward's method after a series of preliminary analyses using different methods, including unweighted pair average linkage (36) . Euclidean distance was used as the similarity measure, and minimum variance solutions from 10 clusters to 1 cluster were evaluated.
Clusters were evaluated against the subtypes used in DSM-III (1), DSM-III-R (37), DSM-IV (38) , and other systems found in the literature. DSM-III was found to be among the more reliable methods of diagnosing schizophrenia (39) . DSM-subtype diagnoses were generated by computer for 5 DSM-III subtypes (simple, catatonic, disorganized [hebephrenic], paranoid, and residual), 4 DSM-III-R subtypes (catatonic, disorganized, paranoid, and undifferentiated), and 4 DSM-IV subtypes (catatonic, paranoid, disorganized, and residual). In addition, to attempt to validate the clusters derived in the present study, we used the 4 subtypes identified, in the IPSS (28); the Type I and Type II syndromes (40,41), 2 groups identified as paranoid and nonparanoid using cluster analysis (30) , and 3 types (psychomotor poverty, disorganization, and reality distortion) determined from factor analysis (31). For each subject, the relevant symptoms were identified in the coding system used in this study (34) and scored by computer from the recorded lifetime symptoms.
Results
A plot of the number of clusters vs the clustering fusion coefficient was examined to determine the optimal number of clusters to retain (Figure 1 ). Solutions for 1 to 10 clusters were examined closely, and it appeared that the 6-cluster solution provided an optimal alternative, with the 2-cluster solution also being plausible, although the large drop after the first cluster suggested that no strong subtypes existed in the sample.
Among the 6, the first cluster comprised 17 schizophrenia patients who were typified by social withdrawal and delusions. The second cluster consisted of 21 individuals with poor insight, hallucinations, and delusions. The third cluster (13 subjects) had many prominent symptoms, including delusions of being controlled by outside forces. The fourth cluster was the smallest (11 subjects) and had typical symptoms that included poor insight, social withdrawal, and prominent thought disorder. The fifth cluster (23 subjects) was largely defined by hallucinations and delusions. The final cluster (22 individuals) had mixed symptomatology that was more delusional than hallucinatory. In fact, many distinct symptoms were common across all 6 clusters. At the level of 2 clusters, there were 66 cases in 1 and 41 in the other. The first cluster was formed by merging clusters 1, 2, 3, and 5 of the 6-cluster solution. The second cluster of 2 comprised the fourth and sixth of those described above. Eight cases were shuffled by the RELOCATE procedure in forming these clusters, all being moved from the first cluster to the second. The 6-cluster solution was compared with the 5 DSM-III, the 4 DSM-III-R and 4 DSM-IV subtypes, and the various existing subtypes from the literature. The 2-cluster solution was also evaluated against the external systems that had 2 groups.
Of the subjects, there were 14 with DSM-III simple schizophrenia, 64 with catatonia, 90 with paranoia, and 14 with residual schizophrenia. Only 2 met the criteria for the DSM-III disorganized type. There were 12 DSM-III-R with paranoia, 6 disorganized, and 99 with catatonia. No subjects met all criteria for DSM-III-R undifferentiated schizophrenia, because criteria for this subtype diagnosis include not meeting criteria for other subtypes. . There were 90 paranoid DSM-III cases, with 71 of these meeting criteria for at least 1 additional nonparanoid diagnosis. Similarly, there were 12 DSM-III-R paranoid cases and 104 cases with a nonparanoid subtype diagnosis. There were 90 nonparanoid cases according to DSM-IV criteria. Table 1 reports the concordance among the 6 clusters and the various other systems, using the total number of hits (that is, the sum of agreed negatives and positives) and kappa as indices. No value of kappa (42) in Table 1 significantly differed from 0.0. Table 2 reports similar figures for the concordance between the 2-cluster solution and the various systems having only 2 subtypes.
The 6 clusters were checked against ratings of severity of illness, number of previous hospitalizations, duration of illness, current and history of drug and alcohol abuse, and number of suicide attempts, using contingency tables and Pearson correlations. The contingency tables for the severity rating were all not significant, and no correlation of the cluster membership with other factors was significant, once the type 1 error probabilities were adjusted for the number of tests conducted, using the Bonferroni correction.
Some overlap, however, was noted among some of the external systems. For the Type I and Type II groups, 59 cases (80% of the maximum possible) were in fact classed as both Type I and Type II. Within the 3-group system, 38 cases (76% of the theoretical maximum) were in both the psychomotor poverty and disorganization groups. Likewise, there was substantial overlap between the psychomotor poverty and reality distortion groups: 18 cases (90% of the maximum possible) were in both groups. Within the DSM-III system, all 14 cases within the simple and residual types were identical. There were 52 cases (81% of the maximum possible) common to the paranoid and catatonic subtypes. With the paranoid-nonparanoid dichotomy, 59 cases (83%) were in both groups. Of the 12 DSM-III-R paranoid cases, 7 were also diagnosed with catatonia. Within the DSM-III-R paranoid-nonparanoid distinction, 10 of the 12 possible cases were in both groups. Within DSM-IV, 33 of 40 cases of the catatonia subtype were also classed as residual (82.5%), and 28 (70%) were also classed in the disorganized class. Of the 54 disorganized DSM-IV subtype, 40 (74%) were classed in the residual subtype. Similarly, 6 of 8 classed in the IPSS insightful system were also classed as having hypochondria.
Discussion
The clustering algorithm that was used has a fairly good record of recovering a known structure (43) . Still, it must be recognized that no method of cluster analysis has proven superior in all circumstances (44, 45) . Given the nature of the data, it is unlikely that superior results would be obtained using a different clustering method.
The lack of strong correspondence between any of the 6 clusters or between the 2 larger clusters and any of the various subtypes from other systems also supports the hypothesis that subtypes of schizophrenia that are stable over time do not exist. The fact that none of the external systems showed any differential association with any of the 6, or with the larger 2 clusters, or among each other further suggests a lack of stable and replicable subtypes. This is true even of the IPSS subtypes, which were derived using similar empirical methods.
Previous studies of schizophrenia subtypes using cluster analysis have reported inconsistent results, and there was little agreement on the number of clusters, let alone the similarity of different clusters in other studies, ranging from 4 (46) to 2 (30), or up to 5 (47), based on 30 items rating positive and negative symptoms. There was a notable range in the reliability of diagnosing subtypes of schizophrenia (48) and modest stability over time for some subtypes (49) . This finding is notable in that the present study differs from most: the symptom data that were used are based on the clinical history up to the present, unlike most clustering and subtyping studies, which are cross-sectional only. By collapsing over time, the present approach has a drawback: it is impossible to determine whether cases shift from one subtype to another over time or whether individual symptoms appear and disappear over time. This difference between a longer time span and an immediate cross-sectional view of symptomatology may be why the present study did not replicate the IPSS (28) cluster subtypes. Resolving this issue would require a detailed longitudinal study, with careful attention paid to a comprehensive evaluation of symptomatology at each of several points over several years.
One uncertainty with theoretical systems such as the editions of DSM is that they are not explicit about whether subtypes are mutually exclusive or exhaustive. DSM is more explicit on this point than many systems, but it rarely provides a rationale for the distinctions made. In the present study, it was clear that few external systems were close to categorizing all the subjects in the present sample. When a system did succeed in achieving over 80% classification, it was owing to 1 subtype having great breadth and classifying most of the cases (for example, DSM-III paranoid at 84.1%, DSM-III-R catatonia at 92.5%, IPSS typical at 81.3%, and psychomotor poverty at 88.8% of the group). Breadth can make a difference in determining concordance (48) .
One notable pattern in Table 1 is that a subtype within one of the external systems is generally classed fairly evenly across the 6 clusters and that this rate varies. The latter would be expected within a system if the subtypes were mutually exclusive and exhaustive, but many systems that were examined left many cases unclassified. This may be taken as another bit of evidence against subtypes. Alternatively, more consideration might be given to the hypothesis of schizophrenia being unitary, without stable and discriminating subtypes. The apparent heterogeneity of symptoms may reflect variation along a continuum (50) . With additional support, this argument would lead to the deletion of subtypes from official diagnostic systems. An alternative to the traditional subtypes of schizophrenia has been that approaches to classification based upon cognitive science and neural mechanisms may be more productive than the traditional approach (51) . At the same time, 3 recent studies have proposed different subtypes. Four subtypes were identified using intelligence and neuropsychological tests (52) . The second group used memory tests and imaging methods to identify 3 clusters, showing memory test profiles labelled as cortical, subcortical, and unimpaired (53) , while the third showed differences among 5 previously identified subtypes of schizophrenia on neuropsychological measures of attention, abstract reasoning, and flexibility (54) . The subtypes used were Schneiderian, paranoid, negative, disorganized, and mildly symptomatic; only 2 correspond roughly to DSM subtypes.
On another level, the results of this study exemplify a common problem in schizophrenia research: an inconsistency in interpretation and application of diagnostic criteria (55) . Although the system used (34) includes direct ratings for DSM-III symptoms, it was developed prior to DSM-III-R and DSM-IV and was adapted to incorporate the other systems as if it interpreted those symptoms in the same ways as the authors of those studies. It is quite likely that disagreements would occur if detailed comparisons could be made. This factor should be considered with any study that compares different diagnostic systems for a disorder. Indeed, even within the DSM system, notable differences in the incidence of subtypes were noted in this study and in the overall diagnosis of schizophrenia (56) .
Taken together, the present data are consistent with previous research in suggesting that the traditional and accepted subtypes of schizophrenia have weak empirical justification (57). This is especially true when longitudinal or lifetime approaches to the symptomatology underlying the subtypes are taken and when familial factors are examined (58) . The sample in the present case is comparatively small and is based upon a tertiary treatment centre that received the most severely and chronically disturbed cases. Thus, it does not represent most individuals with schizophrenia but, rather, the more severe cases. Subtypes may be more characteristic in other samples from other geographic regions.
Clearly, if subtypes of a disorder are recognized as being clinically significant, there should be strong empirical evidence to support the distinctions among these subtypes. It may well be that, in the case of the lifetime course of schizophrenia, such evidence is wanting and that the use of schizophrenia subtypes should be reconsidered.
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